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Abstract 


Ciherang rice variety was released in year 2000 and become a superior variety in Indonesia. 
In a decade, due to the excellent agronomic characteristics and high productivity, Ciherang 
gradually replace the mega-variety IR-64 and widely cultivate in almost 40% rice production 
Article Info area in Indonesia. In addition to its high grain yield, short straw, early maturity, and high 
7. productive tiller number, it had superior grain quality, such as long and slender grain shape, 


Volume 2, Issue 2, November 2022 clean yellow color, aromatic, and high milled rice percentage with excellent eating quality, 


Received : 29 July 2022 matching with farmers and rice consumers demands. It has intermediate glycemic index and 
Accepted : 18 October 2022 delicious taste. It is intolerance to flooding condition and susceptible to several diseases and 
Published : 05 November 2022 pests, including rice blast, bacterial blight, brown planthopper, and yellow stem borer. 


Because of Ciherang has been well-characterized genetically, many Quantitative Trait Loci 
(QTLs) and candidate genes which associated with certain traits have been identified. It has 
also been used as a parent in rice breeding program to develop mapping populations for 
genetic analysis. In order to increase the flooding tolerant and disease resistant in Ciherang, 
many valuable genes have been introduced into Ciherang through backcrossing breeding 
technique and transgenic approach. The optimal rice productivity in Ciherang also supported 
by the application of intensification system in Ciherang cultivation. Unraveling the complex 
genetic control of agronomic characteristics, grain yield traits, and other desirable traits 
which valuable for rice farmers and consumers are very important. 
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1. Introduction 


Rice (Oryza sativa L.) is the primary staple food in Indonesia and most of the Asian countries. Rice field areas in 
Indonesia are reaching 13.84 million ha with a total rice production up to 71.28 million ton and with an average rice yield 
5.15 ton/ha (Indonesia Central Body Statistics Data, 2013). Ciherang rice variety known as superior and high-yielding 
variety originating from Indonesia that release in year 2000 and cultivate widely in Indonesia with the grain yield almost 
10 ton/ha (Baptista ef al., 2018). Ciherang was developed at the International Rice Research Institute IRRI), Philippines 
CGRRI, 2015; Arief et al., 2018) by multiple variety crosses, including IR-64 as the background parent. Ciherang was 
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developed by the cross IR18349-53-1-3-1-3/IR19661-131-3-1//IR19661-131-3-1/ TR64/IR64 (IRRI, 2015; Septiningsih ef al., 
2015). For over two decades, IR-64 was a dominant rice variety in Indonesia. Due to the similar characteristics with IR- 
64 rice variety and high productivity, Ciherang gradually overtook the mega-variety IR-64 to be the largest rice variety 
which dominantly cultivate in Indonesia up to 40% of the total irrigated rice field for decades (http://www.litbang. 
deptan.go.id/profil/ Renstra2010-2014.pdf). 


Between IR-64 and Ciherang showed similar morphological traits, grain quality, and genetic characteristics because 
Ciherang was developed by using IR-64 as the background parent (Septiningsih ef a/., 2015). Ciherang also adapt easily 
in any field conditions, including suitable in the wet season, and relatively shorter harvest age. Since Ciherang is 
intolerance to flooding condition, Ciherang is more appropriate in the dry season (Sumarno and Sutisna, 2010). In 2015, 
Ciherang-Sub1 which submergence tolerant was developed (Septiningsih ef al., 2015). One of the popular characteristic 
from Ciherang is related to high economic yield, short straw, and the grain quality which display long and slender grain 
shape, clean yellow color, aromatic, and high milled rice percentage with good eating quality that meets the rice farmer 
and consumer demands (Rosdianti ef a/., 2022). Thus, Ciherang plays an important role in the economic growth of 
Indonesia through agricultural sector. 


Ciherang established excellent agronomic characteristics, grain yield and cooking traits that have now spread over 
40% rice growing areas in Indonesia. Because of its characteristics, Ciherang became a superior rice variety and was 
highly desired by the rice farmers and consumers. It also has a number of defects, most importantly, intolerant to 
flooding condition and susceptible to several diseases and insects. Since genetics characteristics of Ciherang has been 
well-characterized, many mapping populations were developed by using Ciherang as one of the parent. A lot of important 
genes has also been introduced to Ciherang to increase the flooding tolerance and resistance to diseases and insects. 
In this review paper, the development of Ciherang and its agronomics, genomics, breeding, and intensive cultivation 
were described. 


2. Major Agronomic and Quality Traits of Ciherang 


Ciherang belongs to indica rice variety and popular among rice farmers and consumers due to the superior agronomic 
characters, including high productivity, early maturity, resistance to brown planthopper and bacterial leaf blight, and 
also good grain quality with delicious, aromatic, and waxy taste (Tables | and 2) which fulfilled the farmers and rice 
consumer demands. Ciherang contains low amylose which influence the delicious taste and show good range of span 
after cooking. Ciherang rice grain has slender shape and yellow color with glutamic acid as the most abundant amino 
acid. The grain yield of Ciherang also influenced by seedling age and seedling number per hill with optimum age ranging 
7 until 21 day-old seedlings with one seedling per hill. Planting Ciherang rice with one seedling per hill significantly 
increase the grain yield due to receive optimum solar radiation interception and nutrient uptake leading to increase the 
photosynthetic rate, growth and development of the rice plants (Bozorgi ef a/., 201 1; Hasrizart, 2008; Dwiningsih, 2020). 


According to Yuliani et al. (2017), Ciherang moderately resistant to Xoo pathotype III in the dry season, but 
susceptible in the wet season. This rice variety also suitable to cultivate in the rice field with altitude below 500 m above 
the sea level (Masruroh ef al., 2016). High productivity of Ciherang also influenced by longer panicle and denser spikelet 
(Rosdianti ef al., 2022). Meanwhile, Ciherang has thin epidermis layer in the grain but has harder grains, so it is not easy 
to be broken in the milling process. Ciherang grains also moderately resistance to stored rice insects, such as Lesser 
Grain Borer (Rhyzopertha dominica) because of the grains hardness and non-chalkiness physical characteristics and 
chemical composition, including phenolic content, carbohydrate, fat, protein, and ash (Astuti e¢ a/., 2013; Dwiningsih 
et al., 2021). R. dominica can decrease the grain quality in storage and made the broken grains into dust. 


Physical and chemical characteristics of cooked Ciherang rice are influenced by cooking methods, including rice 
cooker machine, stovetop, boiling and steaming (Syafutri e¢ al., 2016; Dwiningsih er al., 2021). The texture, hue, chroma, 
lightness, and moisture content of cooked Ciherang rice were significantly affected by cooking methods. Rice cooked 
with boiling and steaming method showed the lowest texture value, highest chroma value, lowest lightness value, and 
highest moisture content. Cooking quality traits of Ciherang, such as gel consistency, cooking time, water absorption 
ratio and volume expansion ratio also influenced by the rice grain storage time (Hadipernata ef al., 2022; Sitrarasi ef al., 
2022). Ciherang rice grains were stored in three types of packaging, including plastic bags, vacuum polypropylene 
plastic packaging, and non-vacuum plastic packaging under air conditioner and room temperature, respectively. After 
eight months storage, the gel consistency of rice had a significant reduced become harder texture under all treatment 
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Table 1: Agronomic Characteristics of Ciherang 


Agronomic Traits Ciherang 
Plant height 80 cm 
Plant shape Upright 
Total number of tillers 50 
Productive tiller number 13 
Stem color Green 
Foot color Green 


Total leaf area 


825.3 cm?/clump 


Leaf number =) 
Leaf surface Rough 
Flag leaf Erect 
Flag leaf length 21.86 cm 
Leaf color Green 
Leaf togue color Colorless 
Chlorophyll a 27.08 mg/g 
Chlorophyll b 25.81 mg/g 
Chlorophyll total 52.90 mg/g 


Flowering days 


55 days after planting 


Days to 50% heading 


108 days after planting 


Specific leaf weight (SLW) 


0.0078 g/cm?/week 


Net assimilation rate (NAR) 


0.0102 g/cm?/week 


Relative growth rate (RGR) 


0.271 g/g/week 


Crop growth rate (CGR) 


0.0097 g/cm?/week 


Fresh weight of plants 86.96 g 
Shoot dry weight 10.6 g 
Root dry weight 3.2 g 
Root length 36.06 cm 
Total root number 127.5 
Root surface area 352 
Shoot root ratio 3.3 
Panicle length 25 cm 
Panicle number per plant 30 
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Table 1 (Cont.) 


Agronomic Traits Ciherang 
Total spikelet per panicle 159 
Filled grain number per panicle 105 
Unfilled grain number 21.2 
Filled grain percentage 81% 
Unfilled grain 2.84% 
Productivity 10 ton/ha 
Harvest index 0.97 
Harvest age 118 days after planting 
Grain yield per plant 16.10 g 
Bacterial leaf blight strain III and IV Resistance 
Rice brown leafhoppers biotype 2 and 3 Resistance 


Source: (Baptista et al., 2018; Arief et al., 2018; Asbur, 2013.; Astuti et al., 2013; Biswas et al., 2021; Fitriah et al., 2019; 
Hazmi et al., 2019; Helina et al., 2018; Ibrahim et al., 2021; Isnawan et al., 2020; Juradi et al., 2017; Kinose et al., 2020; 
Liang et al., 2021; Nuraeni et al., 2014; Paiman etal., 2021; Rahmawati et al., 2021; Santosa and Suryanto, 2015; Shresta 
et al., 2018; Susiyanti et al., 2020; Widiasri et al., 2022) 


conditions. The cooking time of Ciherang rice which store in vacuum plastic packaging did not change after eight 
months storage (Dwiningsih and Alkahtani, 2022). Meanwhile, the water absorption ratio and volume expansion ratio 
displayed a higher value under room temperature compared to air conditioner temperature. 


3. Breeding, Parentage, Progeny, Selection, Evaluation, and Release of Ciherang 


Ciherang is widely used as one of the parental lines in crossing rice breeding program to develop new rice variety with 
superior characteristics. In 2009, Ciherang has been crossed back to several superior rice cultivars to develop a new 
superior variety with improved rice yield called Inpari10 (Arief e¢ a/., 2018). Fl hybrid was also developed with Ciherang 
as the background parent in order to increase the rice productivity in the dryland (Gusmiatun e7al., 2018). This Fl hybrid 
was derived from the crossing Jati Luhur and Dayang Rindu rice varieties, as well as high-yield rice varieties Inpago-7 
and Ciherang. Based on the agronomic characteristics, including productive tiller number, plant height, panicle number 
per plant, spikelet number per panicle, filled grain number per panicle, and 1000-grain weight, Fl hybrids showed better 
performance in the dry land compared to the parents. 


Flooding is one of the serious constraint in rice production especially in Indonesia. Development of a submergence- 
tolerant rice variety is important to improve the rice productivity in the flooding area. SUB1, a submergence tolerance 
gene has been introgressed to Ciherang by Marker Assisted Backcrossing (MABC) through one backcross (BC1) with 
TR64-Sub1 as the donor parent. Recently, Ciherang-Sub1 was released to increase submergence tolerance (Septiningsih 
et al., 2015). Between Ciherang-Sub1 and Ciherang showed 87.5% similarity in the phenotypic characteristics, including 
grain yield, plant height, flowering date, maturity, tiller number, amylose content, gel consistency, texture, gelatinization 
temperature, protein content, brown rice percentage, milling recovery percentage, grain length, grain width, and ratio of 
grain length-grain width (Septiningsih et al., 2015; Pramudyawardani etal., 2018; Nugraha et al., 2017; Dwiningsih et al., 
2019). Ciherang-Sub1 also has an ability to germinate under anaerobic condition (Toledo ef al., 2015; Lone et al., 2022). 


Ciherang-Sub1 was used as the recipient parent in developing rice lines which tolerant to flooding condition (Mondal 
et al., 2020). AG1 and AG2 Quantitative Trait Loci (QTLs) associated with tolerance of flooding condition. Introgression 
of AG1 QTL from donor parent Kho Hlan On and AG2 QTL from donor parent Ma-Zhan Red and recipient parents PSB 
Rc82 and Ciherang-Sub1 potentially enhance the germination and seedling growth under flooding condition. Elite rice 
lines which carrying AGI and AG2 QTLs showed less lipid peroxidation, higher 4-amylase activity that increase the 
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Table 2: Grain Characteristics of Ciherang 


Grain Quality Traits Ciherang 
Grain length 7.12 mm 
Grain width 2.26 mm 
Grain length/width ratio 3.15 
1000-grain weight 30 g 
Grain shape Long 
Grain density 546 g/L 


Grain color 


Clean yellow 


Grain form Gent 
Green lime grains 2.30% 
Broken yellow grains 9.46% 
White degree 45.10% 
Translucence 2.45% 
Lightness 65.97% 
Chroma 12.03% 
Hue 69.370 
Gel consistency 44 mm 
Texture Medium 
Alkali spreading 3 
Gelatinization temperature > 74 °C 
Milling recovery 69.1 
Head rice 85.24 
Chalkiness 2.83% 
Water contents 12.68% 
Glycemic index 54 
Amylose contents 20% 
Amylose criteria Low 
Amylopectin contents 54.44% 
Ash contents 5.69% 
Fat contents 2.81% 
Crude fiber contents 10.03% 
Carbohydrate contents 63.55% 
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Table 2 (Cont.) 
Grain Quality Traits Ciherang 
Protein contents 5.76% 
Total amino acid 7.715% 
Aspartic acid 0.79% 
Glutamic acid 1.68% 
Serine 0.47% 
Histidine 0.21% 
Glycine 0.36% 
Threonine 0.29% 
Arginine 0.69% 
Alanine 0.47% 
Tyrosine 0.30% 
Methionine 0.13% 
Valine 0.49% 
Phenylalanine 0.49% 
I-leucine 0.37% 
Leucine 0.72% 
Lysine 0.29% 
Source: (Arief et al., 2018; Susiyanti et al., 2020; Widiasri et al., 2022; Hadipernata et al., 2022; Hendrawan et al., 2015; 
Syafutri et al., 2016; Wahyono et al., 2020) 


starch degradation and improve ascorbate, soluble sugars, and total phenolic content which leading to the higher 
germination and seedling growth under flooding condition. 


Ciherang-Sub1+AGI1 (CSA) was developed through gene pyramiding of two genes, including SUB1 (submergence 
tolerance gene) and AGI (controlling anaerobic germination) into Ciherang (Toledo ef al., 2015). The rice variety of CSA 
contains SUB1 and AGI for tolerance under submergence at all rice growth stages and anaerobic germination conditions. 
CSA also showed highly similarity with Ciherang in genetic and morphological characteristics, including tiller number 
and plant height. There are five markers which associated with SUB 1 locus, such as RM8300 in SUB1A, ARTS, and three 
insertion/deletion (Indel) markers in SUB1C. Meanwhile, only four markers related to AGI locus, including Drebdws4bp, 
Drebups6bp, HPP400_410_3, and TPP_GE5 (Toledo ef a/., 2015; Dwiningsih ef al., 2021). 


Ciherang-Sub1+AG1+Pi9 (CSA-Pi9) rice variety consist of three genes which associated with abiotic stress tolerance 
(submergence and anaerobic conditions) regulated by SUB1 and AGI, and also biotic stress resistance (rice blast 
disease) controlled by Pi9 gene (Shin ef al., 2022). This rice variety CSA-Pi9 is suitable to be cultivated in the damp 
climate and flooding area. CSA-P19 also showed tolerance under salinity condition. CSA-Pi9 was derived by introgress 
the blast resistant gene, Pi9, into CSA rice variety. The CSA-Pi9 has similar agronomic traits with the recurrent parent, 
CSA. 


A Recombinant Inbred Lines (RILs) population, F6 generation was derived from a cross between Ciherang as a 
recipient parent (a popular Indonesian rice variety and bacterial blight (BB)-susceptible) and IRBB60 as a donor parent 
(BB-resistant) to introgress BB resistance genes, including Xa4, Xa5, Xal3, and Xa21 and identify the molecular markers 
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associated with BB-resistant (Biswas e/ al., 2021) . BB is caused by Xanthomonas oryzae pv. oryzae and the most 
destructive disease in rice which reduce the rice yield significantly. It is important to develop a BB-resistant rice variety 
by gene introgression approach because conventional breeding programs are not efficient and there are no methodology 
by using chemicals or management practices to decrease the severity of BB (Rajpurohit ef a/., 2011; Dwiningsih and 
Alkahtani, 2022; Sundaram ef al., 2009; Jena and Mackill, 2008; Joseph et al., 2004; Singh et al., 2001; Schantz et al., 
2001; Huang ef al., 1997; Dwiningsih ef al., 2020). Introgression of a single BB resistance gene has not been able to 
protect the rice plants against BB attack. So, introgression of combinations of four BB resistance genes, including Xa4, 
Xa5, Xal3, and Xa21 which were pyramided in 265 RILs and confirmed by using Marker- Assisted Selection (MAS) were 
more effective to develop BB-resistant rice varieties. Out of 265 RILs, 11, 34, and 45 lines contained four, three, and two 
BB resistance genes, respectively. 


Two new rice varieties that have been developed with Ciherang background, including brown planthopper (BPH)- 
resistant Bioni 63 Agritan and salinity-tolerant Biosalin 1 Agritan have been released by Indonesian Center for Agricultural 
Biotechnology and Genetic Resources Research and Development (Rosdianti ef a/., 2022; Dwiningsih ef al., 2022). 
BPH-resistant Bioni 63 Agritan was derived from the crossing Ciherang/Swarnalata//3*Ciherang. Moreover, salinity- 
tolerant Biosalin 1 Agritan was developed by gamma-irradiated Ciherang mutant. Another new rice varieties which 
developed with Ciherang background and right now, they are still undergoing test in multilocation prior to commercial 
release are Bacterial Leaf Blight (BLB)-resistant and aromatic Ciherang. The BLB-resistant Ciherang rice variety was 
developed by using pyramiding gene method of three BLB resistance genes, including Xa5, Xa7, and Xa21, and also one 
background gene of Xa4. Aromatic Ciherang was developed by marker-assisted backcrossing method by incorporating 
gene controlling the aromatic characteristics BADH2, either from Mentik Wangi or Pandan Wangi (Dwiningsih e/al., 
2019). Based on the preliminary data, the tested lines of aromatic Ciherang showed stable rice productivity ranging 6.28- 
8.83 ton/ha along with increasing aroma concentration up to 4-fold higher (0.8093 ppb) than Pandan Wangi (0.1956 ppb). 


Blast disease caused by Pyricularia oryzae is the most destructive disease in rice plants and significantly reduce 
the rice productivity (Talbot, 2003; Scardaci er al., 1997). In Indonesia, Ciherang is cultivated widely and blast disease is 
become the main issue. One of the most affordable, effective, and more environmentally-friendly approach for controlling 
this disease is to develop blast disease-resistant rice varieties (Yuliani ef al., 2017; Fukuta ef al., 2009; Toha, 2007; 
Dwiningsih ef al., 2019). Developing of blast-resistant Ciherang rice variety has been done by introgression of Pita-2 
gene derived from IRBLta2-Re to Ciherang and produced three backcross populations, including BCIF1, BC2F1, and 
BC3F1 (Fitriah e¢ a/., 2019). An Fl population was developed by crossing IRBLta2-Re carrying Pita-2 gene as the male 
parent and Ciherang as the female parent. Then, this Fl population was backcrossed to Ciherang as the recurrent parent 
to produce a backcross population. BC1F1 population consist of 2074 lines and out of 148 lines showed blast resistance. 
A total of four lines from BC1F1 population, such as lines 2192, 2129, 1141, and 627 were backcross to Ciherang to create 
a BC2F1 population. About 848 lines of the BC2F1 population were screened and 59 lines showed the blast resistance. 
The BC3F1 population was derived by backcrossing of two lines, including 2192-3 and 627-5 lines from BC2F1 population 
which were blast resistance to recurrent parent Ciherang and resulting 244 lines. There were 32 lines out of 244 lines 
which showed blast resistance. Several lines of BC3F1 population that had blast resistance and similar agronomic 
characteristics to Ciherang had been identified. 


4. Genomic Characterization of Ciherang 


Ciherang belongs to indica sub-species due to detection of 32 bp insertion on open reading frame (ORF) 29-TrnC (GCA) 
in Ciherang genome (Istiana ef a/., 2018). The DNA of Ciherang was isolated from the leaves of the plants and Polymerase 
Chain Reaction (PCR) amplification was performed by using primer CP2, then followed by gel electrophoresis, and the 
PCR products produced a band with size 32 bp. Based on the genome sequence of Ciherang as an Indonesian rice mega 
variety which was developed with IR-64 as the recurrent parent, the modern rice breeding footprints were revealed. 
Whole-genome sequencing analyses were conducted on IR-64 and Ciherang in order to study the genetic exchange 
during Ciherang development and the effect of these genomic changes (Rosdianti ef al., 2022; Dwiningsih ef al. , 2020). 
About 98.6% of Ciherang genome sequencing data could be mapped to the rice reference genome of Nipponbare. 
According to the variant calling, Ciherang had 0.79% sequence difference to Nipponbare, and IR-64 showed 0.8% 
sequence difference to Nipponbare. Between Ciherang and IR-64 showed a little sequence difference by only 0.13% or 
493,298 sequence variations which consist of 434,890 Single Nucleotide Polymorphisms (SNPs) and 58,408 indels. These 
sequence differences are dominant on chromosome 8, 10, and 12 that indicate many genes introgressions from donor 
parents were retained on these chromosome. A total of 1,007 loci in Ciherang which are polymorphic to IR-64, such as 
Os01g0588900 regulating panicle trait, and OsO2g0154200 controlling seed traits. Introgressed genes from the donor 
parent IR-64 into Ciherang is 19.60% which affected the structure, function, and gene expression of certain genes that 
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associated with certain traits. These genomic sequence data can be useful in accelerating and increase the precision of rice 
breeding programs through Marker-Assisted Selection (MAS), gene pyramiding, genetic transformation, and gene editing. 


Table 3: Qtls Associated With Agronomic And Yield Traits of Mapping Population Derived From Ciherang-sub1 
Backcross Population (Pramudyawardani ef al., 2018) 
QTL Flanking Markers LOD» PVE Add‘ 
Traits’ | Generation Chromosome Position 
(Mbp) Left Right 
DTF BCF,,, 1 40.1645 id1023892 id1028304 3.5 9:5 1.4 
6 7.6817 id6003649 id6006147 5 12.3 1.6 
11 2.6827 id1 1000515 id1000858 5.8 11.8 1.6 
BCF,, 1 36.1645 id1022408 id1023892 We) 17.6 2.2 
3 29.9835 id3013765 id3017762 5.6 13.2 1.9 
11 3.6827 id1 1000858 id1 1002639 3.3 Tis 1.4 
PH BCF,, 1 36.1645 id1022408 id1023892 33.2 59.5 -15.7 
6 23.6817 id6012064 id6012426 2.9 4.1 4.2 
UFG BCF,, 1 36.1645 id1022408 id1023892 28.7 58.2 -20.4 
BC F,., 3 30.9835 id3013765 id3017762 2:9 8.5 4.5 
BCF,, 9 17.3273 id9005086 1d9006988 3.2 10.1 -5.1 
GW BCF,,, 2 24.8191 id2008866 id2010969 2.7 4.1 -0.5 
3 21.9835 id3008333 id3010345 16.7 31.3 1.4 
11 1.6827 id11000133 id11000515 4.8 7.6 0.7 
Y BCF,, 3 22.9835 id3010345 RM15593 6.6 19.4 1 
BCF,, 4 17.4846 id4002562 id4005 120 3.4 10.9 -0.5 
BCF,, 1 35.1645 id1020828 id1022408 4.3 13.6 -0.7 
Note: *DTF = days to 50% analysis (DAS); PH = plant height (em); UFG = unfilled grain number per panicle; GW = thousand grain 
weight (g); Y = yield (t/ha); (LOD = logarithm of the odds ratio; ‘PVE = phenotypic variance explained; and ‘Add = additive 
effect. 


Whole genomic sequence analysis demonstrated the potential to dissect a QTL, qSub8.1 on chromosome 8 for 
submergence tolerance which derived from Ciherang-Sub1 (Liang ef al., 2021). The qSub8.1 was identified in the QTL 
mapping analysis by using a mapping population derived from the cross Ciherang-Sub1 and IR10F365. qSub1 region 
was analyzed by using the genome sequence information of Ciherang-Sub1 and its parents (Ciherang and IR64-Sub1) 
and compare to the reference genomes of Nipponbare and Minghui 63. Results from the whole genome sequence 
analysis showed that Ciherang-Sub1 genome is composed by 59-63% of Ciherang, 22-24% IR64-Sub1, and 15-17% of 
unknown sources. The genome sizes of Ciherang-Sub1, Ciherang, and IR64-Sub1 are 354.4, 343.7, and 344.7 Mb, 
respectively. QTL region of qSub8.1 on chromosome 8 was dissected deeply by using high-resolution SNP markers 
leading to analyze the potential candidate genes within qSub8.1 and to develop DNA markers associated with submergence 
tolerance for future rice breeding. 


A total of 17 QTLs were identified from Ciherang-Sub1 rice backcross populations with 149 backcross families by 
using 104 molecular markers which consist of SNP and SSR markers (Table 3) (Pramudyawardani er al., 2018). These 
QTLs related to agronomic and yield traits, such as days to 50% flowering (DTF), Plant Height (PH), unfilled grain 
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number per panicle (UFG), thousand Grain Weight (GW), and Yield (Y). Identification of these QTLs are important in 
order to develop high-yield rice varieties (Dwiningsih and Al-Kahtani, 2022). The QTL alleles were derived from the both 
parents. 


Gamma irradiation has been used to improve Ciherang productivity by using six levels of concentration: 0, 100, 200, 
300, 400, and 500 Gy (Masruroh efal., 2016). The results showed that gamma irradiation with 200 Gy was the most 
optimum concentration to increase the vegetative growth, grain yield, and grain quality, including plant height, filled 
grain per panicle number, amylose content, and protein content (Dwiningsih ef al., 2020). 


5. Transgenic Lines of Ciherang 


Transformation and tissue culture techniques has been conducted to Ciherang for improving the productivity and the 
resistance to abiotic and biotic stresses (Sulistyowati ef al., 2011; Dwiningsih ef al., 2018). The results showed that 
Ciherang had high regeneration efficiency (33-59%) and transformation efficiency (3-12%). In 2019, 0.24% of the total 
rice production area in Indonesia was infected by bacterial blight (BLB) disease, and it is critical to develop Ciherang rice 
variety with BLB resistance (Ditlintan, 2019). Transgenic BC1F2 population was developed to increase the resistance of 
Ciherang to BLB disease which caused by Xanthomonas oryzae pv. oryzae (Xoo) pathotype IV (Eka ef al., 2021). This 
transgenic BC1F2 population was derived from crossing between transgenic japonica rice variety ‘KinLys 1/3/23’ that 
contain LYZ-C gene and indica rice variety Ciherang, then backcrossing to Ciherang. LYZ-C gene encodes Lysozyme 
which can degrade the Xanthomonas oryzae pv. oryzae cell walls by hydrolyze B-1,4 glycoside bond between 
Nacetyglucosamine and N-acetylmuramic acid in the peptidoglycans of the bacterial cell walls (Ibrahim ef al., 2022). 
Based on the PCR analysis, the genomes of Fl, BC1F1, and BC1F2 had been integrated by LYZ-C gene. The transgene 
of LYZ-C was a dominant single-copy gene and was stably inherited followed a Mendelian pattern. 


cryl Ab gene was transformed to Ciherang in order to improve the resistance to yellow stem borer (Scirpophaga sp.) 
(Sulistyowati ef al., 2011). This pest is destructive to the rice plants and significantly decrease the rice yield. These 
transgenic lines were generated by using Agrobacterium-mediated transformation with vector p2TDNAcryIAb that 
carry a double T-DNA containing cryl Ab gene and hygromycin phosphotransferase (hpt) gene as a selectable marker. 
About 37 putative transgenic lines were generated. Based on the PCR analysis, 22 lines out of 37 lines were carrying 
crylAb. Furthermore, immunostrip assay was done to all of the Ciherang transgenic lines and resulting that all the 
transgenic lines expressed cry1 Ab protein. 


OsDREBIA gene was also transformed to Ciherang to increase the salinity tolerance (Priyono ef al., 2013). Salinity 
is one of the abiotic stress which reduce the rice productivity in Indonesia. This transgene OsDREB1A was stable up to 
BC4F2 and BCS5F1 generations. A total of 543 Ciherang-OsDREB 1A transgenic lines of BC4F2 and BCSF1 populations 
were screened for salinity tolerance and stability of transgene inheritance. Screening for salinity tolerance was done in 
amineral solution with Electrical Conductivity (EC) of 18 mS/cm for 26 days and resulted 134 putative transgenic lines. 
Based on the integration analysis by using PCR with hptII primer (Forward and Reverse), a total of 73 out of 134 putative 
transgenic lines were confirmed contained the transgene in their genomes. Then, all of the 73 transgenic lines were 
tested by PCR analysis with specific forward primer 35S-496 and reverse primer OSDREB1A, resulting that the transgene 
was integrated up to BC4F2 and BCSF1 generations. 


6. Intensification System of Ciherang Cultivation 


Ciherang has been cultivated by using three planting spacing system, including cubic, double row, and twin seed in 
order to find the most appropriate technique of cultivation to increase the rice productivity. Planting spacing system 
affect the plant growth, grain yield and grain quality. Improper planting spacing in Ciherang cultivation cause low 
productivity (Arief ef al., 2018; Maqsood ef al., 2022). Most of the farmers in Indonesia use cubic planting system with 
space 20 cm x 20 cm which has close spacing among the rice plants and farmers assume that this panting system will 
produce higher yield. In fact, the cubic planting system produces low rice yield. Planting spacing correlated to the 
pattern of arranging the space among rice plants, and it is very crucial to the rice plants to get optimum sunlight and 
avoid the nutrient absorption competition (Ikhwani ef al., 2015). 


Plant spacing in the rice cultivation is significantly affect the productive tiller number, panicle length and filled grain 
number per panicle due to the planting spacing associated with the sunlight caption, nutrient absorption, and water 
availability (Hermawati, 2012; Ge ef al., 2022). In the cubic planting system, the sunlight intensity is low which caused 
higher moisture in the rice field, leading to enhanced microorganism activity that decrease the grain quality. The unfilled 
grain number in the cubic planting system also higher compared to the double row and twin seed planting system. This 
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may be because of the more dense spacing in cubic panting system cause lack of sunlight, low temperature, and higher 
humidity in the rice plants ecosystem resulting disrupt the fertilization process at flowering stage and reduce the 
photosynthetic activity leading to reduce carbohydrate formation, and produce more unfilled grain number. 


Recently, it has been reported that the double row planting system in the rice cultivation is more effective to increase 
the rice yield due to the rice plant population is higher 33% compared to the cubic planting system. Double planting 
system is a pattern of rice planting which alternates between two rice lines and one free space row. The planting spacing 
also has to be adjusted to the soil characteristics, such as fertility and texture. In the field with the fertile soil, the optimum 
plant spacing are 12.5 cm within rows, 25 cm between rows, and 50 cm between double row. Meanwhile, in the less fertile 
soil, the plant spacing has to be wider; 15 cm within rows, 30 cm between rows, and 40 cm between double row 
(Dwiningsih ef al., 2017). The sunlight intensity in the double row system is higher compared to cubic planting system. 


Rice productivity in the twin seeds planting system is higher 5-10% than double row system and approximately 
6.70% higher compared to cubic planting system. Another advantages from the twin seed planting system are easier for 
weeding and the number of seeds are few. The yellow broken grains and lime green grains are lower than the double row 
and twin seed planting system. In the wet season, planting space among the rice plants need wider space due to the 
sunlight intensity is low. Meanwhile, in the dry season, the planting space is less because of maximum sunlight intensity 
(Hermawati, 2012). 


Application of intermittent irrigation method in Ciherang enhanced the rice productivity due to this irrigation method 
allow the root to grow maximally which increase the absorption of water and nutrient from the soil (Isnawan ef al., 2020; 
Hariyono and Isnawan, 2018; Rock, 2020). The results showed that the intermittent irrigation has higher productive tiller 
number, grain yield, grain weight, harvest index, and plant biomass compared to the conventional irrigation with 
continuous flooding. Other advantage of intermittent irrigation is less water requirements. 


Time of planting in Ciherang rice cultivation also influenced the growth and grain yield (Santosa and Suryanto, 
2015). In the dry season, Ciherang has better growth and grain yield compared to wet season. Weeding frequencies in 
rice field also affected the growth and grain yield of Ciherang (Pamungkas ef a/., 2018). The optimal weeding frequencies 
for Ciherang is three times; 14, 49, and 70 days after planting which allow to have maximum productive tiller number, plant 
height, and grain weight. 


Agronomic characteristics of Ciherang, including plant height, productive tiller number, and biomass are influenced 
by the soil fertility, especially from Nitrogen nutrient. Urea fertilizer is the most common chemical fertilizer that used by 
the farmers but recently the price of Urea is increasing. In order to decrease of using Urea, Azolla has potential to be an 
alternative nitrogen source for improving the biological, chemical, and physical of soil (Hazmi ef al., 2019). Itis necessary 
to increase soil fertility of the rice field by application of Urea and Azolla with optimal combination ratio. The ratio of Urea 
18 g/m?’ and Azolla 12 g/m? was significantly increase the plant height and productive tiller number. The biomass of the 
rice plants was increased by application of Urea 21 g/m? and Azolla 9 g/m*. Moreover, grain weight was affected by 
application Urea 9 g/m? and Azolla 21 g/m. Application of Urea and Azolla combination with certain ratio can reduce the 
use of Urea and increased the soil fertility (Adil ef al., 2022). 


Another bio-fertilizer which can be applied to increase the soil fertility in Ciherang rice field is Azospirillum (Listanto 
and Riyanti, 2016). There are many benefit of Azospirillum to the soil, including improved nitrogen fixation, phosphor 
solubility, and plant growth hormone Indol Acetic Acid (IAA) production. The use of Azospirillum in the Ciherang 
cultivation significantly enhanced the panicle number per plant and grain weight. Rice yield and grain carbohydrate 
content in Ciherang also can be increased by application of fixator bacteria, such as Azotobacter sp. into the soil. Macro- 
fertilizer like NPK also needed to increase the rice yield of Ciherang with optimal dose 656 kg/ha (Paiman ef al., 2021; 
Bashir ef al., 2021) Application of bio-fertilizer that contains soil fungi, including Penicillium sp. and Aspergillus sp. 
also has many advantages to the growth and productivity of Ciherang (Subowo, 2014). These soil fungi were able to 
produce plant growth hormone IAA, degrade lignocellulose, and provide organic phosphate that leading to increase 
productive tiller number, plant height, and biomass of Ciherang (Alshiekheid ef al., 2022). 


Rice productivity of Ciherang can be increased by using silicate extract from the rice husk (Frasetya ef al., 2019; 
Alkahtani ef al., 2022). Micro element of silica also enhances the grain quality of Ciherang (Lavinsky ef al., 2016; 
Dwiningsih and Alkahtani, 2022). Indonesia as the tropical country has low amount of silica in the soil because of the 
desiccation process, so it is important to apply silicate element to the rice field by using the rice husk (Husnain ef al., 
2012; Ali et al., 2021). Based on the agronomic and grain yield characteristics, including plant height, productive tiller 
number, filled grain number, unfilled grain number, and thousand grain weight; the optimum concentration of silica rice 
husk extract is 20 mL/L. Application of Boron to the rice field soil also important in the Ciherang rice cultivation. The 
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optimal dose of Boron that need to be applied is 3 kg/ha which increase the plant height, grain yield, straw yield, harvest 
index, and to decrease the unfilled grain number (Shresta ef al., 2018). 


7. Conclusion 


In two decades, Ciherang has been providing about hundreds of millions rice consumers in Indonesia with good-quality 
rice. Due to the superior agronomic and yield characteristics, Ciherang has replaced mega variety IR-64. Ciherang also 
has high value in rice breeding program. Conventional and molecular breeding techniques have been used to increase 
Ciherang characteristics. The bad characteristics of Ciherang, including flooding intolerance and susceptible to several 
diseases have been restored by developing Ciherang-Sub! that flooding tolerance, and Ciherang-Sub1+AG1+P19 that 
tolerance to flooding condition and resistance to rice blast disease. The development of superior rice variety like 
Ciherang has provided a challenge to the rice breeders to develop further improved rice varieties which are widely- 
accepted by farmers and rice consumers. 


References 


Adil, M., Bashir, S., Bashir, S., Aslam, Z., Anmad, N., Younas, T., Asghar, R.M.A., Alkahtani. J., Dwiningsih, Y. and 
Elshikh, M.S. (2022). Zinc Oxide Nanoparticles Improved Chlorophyll Contents, Physical Parameters, and 
Wheat Yield Under Salt Stress. Front. Plant Sci., 13, 932861. doi: 10.3389/fpls.2022.932861 


Ali, M.H., Khan, M.I., Bashir, S., Azam, M., Naveed, M., Qadri, R., Bashir, S., Mehmood, F., Shoukat, M.A., Li, Y., 
Alkahtani, J., Elshikh, M.S. and Dwiningsih, Y. (2021). Biochar and Bacillus sp. MN54 Assisted Phytoremediation 
of Diesel and Plant Growth Promotion of Maize in Hydrocarbons Contaminated Soil. Agronomy, 11 (9), 1795. 
https://doi.org/10.3390/agronomy 1 1091795 


Alkahtani, J., Elshikh, M.S., Dwiningsih, Y., Rathi, M.A., Sathya, R. and Vijayaraghavan, P. (2022). In- Vitro Antidepressant 
Property of Methanol Extract of Bacopa monnieri. Journal of King Saud University — Science, 34, 102299. Doi: 
10.1016/,.jksus.2022. 102299 


Alshiekheid, M.A., Dwiningsih, Y., Sabour, A.A. and Alkahtani, J. (2022). Phytochemical Composition and Antibacterial 
Activity of Zingiber cassumunar Roxb. Against Agricultural and Foodborne Pathogens. Doi: 10.20944/ 
preprints202208.0511.v1 


Arief , R.W., Asnawi, R. and Bakrie, B. (2018). Analysis of Physical Quality and Nutrition of Two Rice Varieties, with the 
Implementation of Various Planting Systems. Curr Agric Res J. 6(1), 20. https://doi.org/10.12944/CARJ.6.1.03 


Asbur, Y. (2013). Effect of Seedling Number per hill and Seedling Age on Plant Growth and Grain Yield Ciherang rice. 
Proceedings of The 3“ Annual International Conference Syiah Kuala University (AIC Unsyiah). 


Astuti, L.P., Mudjiono, G., Rasminah, S. and Rahardjo, B.T. (2013). Susceptibility of Milled Rice Varieties to the Lesser 
Grain Borer (Rhyzopertha dominica). Journal of Agricultural Science, 5(2), 145-149. 


Baptista, A.T. and Damanhuri. and Barunawati, N. (2018). Characterization and Evaluation of Appearance Rice (Oryza 
sativa L.) Local East Timor and Rice Indonesia. International Journal of Research - Granthaalayah, 6(2), 120- 
129. https://doi.org/10.5281/zenodo. 1186605. 


Bashir, S., Gulshan, A.B., Iqbal, J., Husain, A., Alwahibi, M.S., Alkahtani, J., Dwiningsih, Y., Bakhsh, A., Ahmed, N., Khan, 
M.J., Ibrahim, M. and Diao, Z-H. (2021). Comparative Role of Animal Manure and Vegetable Waste Induced 
Compost for Polluted Soil Restoration and Maize Growth. Saudi Journal of Biological Sciences, 28 (4), 2534- 
2539. https://doi.org/10.1016/j.sjbs.202 1.01.057 

Biswas, P.L., Nath, U.K., Ghosal, S., Goswami, G., Uddin, M.S., Ali, O.M., Latef, A.A.H.A., Laing, A.M., Gao, Y.-M. and 
Hossain, A. (2021). Introgression of Bacterial Blight Resistance Genes in the Rice Cultivar Ciherang: Response 
against Xanthomonas oryzae py. Oryzae in the F6 Generation. Plants, 10, 2048. https://doi.org/10.3390/ 
plants 10102048 

Bozorgi, H.R., A. Faraji, R.K. Danesh, A. Keshavarz, E. Azarpour. and F. Tarighi. (2011). Effect of Plant Density on Yield 
and Yield Components of Rice. World Applied Sciences Journal, 12(11), 2053-2057. 

Ditlintan - Direktorat Perlindungan Tanaman. (2019). Reports of Pests Attack on Crops and the Effect of Climate Change. 
Available in: http//:ditlin.tanamanpangan.pertanian. go.id/index.php/artikel/opt_dan_dpi. 

Dwiningsih, Y., Kumar, A., Thomas, J., Ruiz, C., Alkahtani, J., Al-hashimi, A. and Pereira A. (2021). Identification of 
Genomic Regions Controlling Chalkiness and Grain Characteristics in a Recombinant Inbred Line Rice Population 
Based on High-Throughput SNP Markers. Genes, 12, 11, 1690. https://doi.org/10.3390/genes 12111690 


Yheni Dwiningsih and Jawaher Alkahtani / Int.) Agr.Sci. & Tech. 2(2) (2022) 11-26 Page 22 of 26 


Dwiningsih, Y., Kumar A., Thomas, J., Ruiz, C., Alkahtani, J., Baisakh, N. and Pereira, A. (2021). Quantitative Trait Loci and 
Candidate Gene Identification for Chlorophyll Content in RIL Rice Population Under Drought Conditions. 
Indonesian Journal of Natural Pigments, 3(2), 54-64. https://doi.org/10.33479/ijnp.2021.03.2.54 


Dwiningsih, Y., Rahmaningsih, M. and Alkahtani, J. (2020). Development of Single Nucleotide Polymorphism (SNP) 
Markers in Tropical Crops. Advance Sustainable Science, Engineering and Technology (ASSET), 0200202-1- 
0200202-14 


Dwiningsih, Y., Thomas J., Kumar, A., Gupta, C., Gill, N., Ruiz, C., Alkahtani, J., Baisakh, N. and Pereira, A. (2022). 
Identification of QTLs and Candidate Loci Associated with Drought-Related Traits of the K/Z RIL Rice 
Population. Research Square. https://doi.org/10.21203/rs.3.rs-1609741/v1 


Dwiningsih, Y. (2020). Molecular genetic analysis of drought resistance and productivity traits of rice genotypes. 
University of Arkansas, Fayetteville, USA. 


Dwiningsih, Y. and Alkahtani, J. (2022). Genetics, Biochemistry and Biophysical Analysis of Anthocyanin in Rice (Oryza 
sativa L.). Advance Sustainable Science, Engineering and Technology (ASSET), 4(1). https://doi.org/10.26877/ 
asset.v4il.11659 


Dwiningsih, Y. and Al-Kahtani, J. (2022). Genome-Wide Association Study of Complex Traits in Maize Detects Genomic 
Regions and Genes for Increasing Grain Yield and Grain Quality. Advance Sustainable Science Engineering 
and Technology, 4(2), 0220209. Doi: 10.26877/asset.v4i2.12678 


Dwiningsih, Y. and Alkahtani, J. (2022). Phenotypic Variations, Environmental Effects and Genetic Basis Analysis of 
Grain Elemental Concentrations in Rice (Oryza sativa L.) for Improving Human Nutrition . Preprints 2022, 
2022c, 2022090263. doi: 10.20944/preprints202209.0263.v1. 


Dwiningsih, Y. and Alkahtani, J. (2022). Rojolele: A Premium Aromatic Rice Variety in Indonesia. Preprints 2022, 2022100373. 
doi: 10.20944/preprints202210.0373.v1. 


Dwiningsih, Y., Kumar, A., Thomas, J. and Pereira, A. (2017). Identification drought-tolerance rice variety for reducing 
climatic impacts on rice production. In Fulbright Enrichment Seminar Climate Change, Estes Park, Colorado, 
USA. 


Dwiningsih, Y., Kumar, A., Thomas, J., Gupta, C., Ruiz, C., Alkahtani, J., Baisakh, N. and Pereira, A., (2021). Identification 
and Expression of Abscisic acid-Regulated Genes in US RIL Rice Population Under Drought Conditions. In 
82" Meeting of Southern Section of the American Society of Plant Biologists. 


Dwiningsih, Y., Kumar, A., Thomas, J., Yingling, S. and Pereira, A. (2019). Molecular Genetic Analysis of Drought 
Resistance and Productivity in US Rice Cultivars. Plant and Animal Genome XXVII Conference, January 12- 
16,2019. 


Dwiningsih, Y., Kumar, A., Thomas, J., Yingling, S. and Pereira, A. (2020). Identification of QTLs Associated with Drought 
Resistance Traits at Reproductive Stage in K/Z RILs Rice Population. In 5th Annual Meeting of the Arkansas 
Bioinformatics Consortium AR-BIC. 


Dwiningsih, Y., Kumar, A., Thomas, J., Yingling, S. and Pereira, A., (2019). Molecular Genetic Analysis of Drought 
Resistance and Productivity in K/Z RIL Rice Population. Arkansas Bioinformatics Consortium. 


Dwiningsih, Y., Thomas, J., Kumar, A., Gupta, C., Crowley, E., Ruiz, C. and Pereira, A. (2019). Drought Stress Response in 
US Recombinant Inbred Line of Rice Population. In National Science Foundation (NSF) 26" National 
Conference, 26(76), 127. 


Dwiningsih, Y., Thomas, J., Kumar, A., Gupta, C., Ruiz, C., Yingling, S., Crowley, E. and Pereira, A. (2020). Molecular 


Genetic Analysis of Drought Resistance and Productivity Mechanisms in Rice. Plant and Animal Genome 
XXVIII Conference, January 11-15, 2020. 


Dwiningsih, Y., Thomas, J., Kumar, A., Gupta, C., Yingling, S., Basu, S. and Pereira, A. (2018). Circadian Expression 
Patterns of the HYR Gene. Arkansas Bioinformatics Consortium, 7(11), 34. 
Eka, A., Suharsono. and Miftahudin. (2021). Introgression of the LYZ-C Gene from the Transgenic Japonica Rice Cultivar 


‘Kinlys 1/3/23’ into the Elite Indica Rice Cultivar ‘Ciherang’. SABRAO Journal of Breeding and Genetics, 53(2), 
311-321. 


Fitriah, N., Suharsono, Nugroho, S., Suwarno. and Miftahudin (2019). Introgression of Resistance to Blast Disease from 
Monogenic line IRBLta2-Re to Ciherang Rice Variety. SABRAO Journal of Breeding and Genetics, 51(4), 419-429. 


Yheni Dwiningsih and Jawaher Alkahtani / Int.J.Agr.Sci. & Tech. 2(2) (2022) 11-26 Page 23 of 26 


Frasetya, B., Harisman, K., Sudrajat, D. and Subandi, M. (2019). Utilization of Rice Husk SIlicate Extract to Improve the 
Productivity of Paddy Ciherang Cultivar. Bulgarian Journal of Agricultural Science, 25(3), 499-505. 


Fukuta, Y., Xu, D., Kobayashi, N., Jeanie, M., Yanoria, T., Hairmansis, A. and Hayashi, N. (2009). Genetic Characterization 
of Universal Differential Varieties for Blast Resistance Developed Under the IRRI-Japan Collaborative Research 
Project using DNA Markers in Rice (Oryza sativa L.). JIRCAS, 35-68, Japan. 


Ge, X., Khan, Z.I., Chen, F., Akhtar, M., Ahmad, K., Ejaz, A., Ashraf, M.A., Nadeem, M., Akhtar, S., Alkahtani, J., 
Dwiningsih, Y. and Elshikh, M.S. (2022). A Study on the Contamination Assessment, Health Risk and Mobility 
of Two Heavy Metals in the Soil-Plants-Ruminants System of a Typical Agricultural Region in the Semi-arid 
Environment. Environmental Science and Pollution Research, 29, 14584-14594. https://doi.org/10.1007/s11356- 
021-16756-4 


Gusmiatun, Minwal. and Amir, N. (2018). Fl Hybrid Rice Growth Differences in Growing Conditions. International 
Journal of Engineering &Technology, 7(4), 6924-6927. doi: 10.1441 9/jet.v7i4.25333 


Hadipernata, M., Hidayah, N. and Rachmat, R. (2022). Characteristics of Rice Cooking Quality of Ciherang Variety During 
Storage. IOP Conf. Series: Earth and Environmental Science, 1024, 012038. doi:10.1088/1755-1315/1024/1/ 
012038 


Hariyono. and Isnawan, B.H. (2018). Intermittent Irrigation Response Study Method of Rice Intensification System on 


Several Rice Varieties in The Physiology of Growth and Results of Rice. Advances in Engineering Research, 
172. 


Hasrizart, I., (2008). Pertumbuhan dan Produksi Beberapa Varietas Padi Sawah. www.repository.usu.ac. Id 


Hazmi, M., Waliyuddin, H. and Hasbi, H. (2019). Ciherang Rice Agronomy Performance on the Balance of Nitrogen Intake 
from Azolla Compost and Urea. Advances in Social Science, Education and Humanities Research, 436. 


Helina, S., Sulandari, S., Hartono, S. and Trisyono, A. (2018). Detection and Transmission of Rice Stunt Virus on 
Ciherang and Situ Bagendit Varieties. J. HPT Tropika, 18(2), 169-176. Doi: 10.23960/j.hptt.218169-176 


Hendrawan, I., Sutrisno, Purwiyatno, H., Purwanto, Y. and Hasbullah, R. (2015). Optimizing the Formula of Composite 
Non-Rice Carbohydrate Sources for Simulated Rice Grain Production. International Journal of Scientific & 
Engineering Research, 6(3), 7-13. 


Hermawati, T. (2012). Growth and Yield of Six Cultivar of Lowland Paddy at Different Planting Space. Bioplantae, 1(2), 
108-116. 


http://www. litbang.deptan.go.id/profil/ Renstra2010-2014.pdf 


Huang, N., Angeles, E., Domingo, J., Magpantay, G, Singh, S., Zhang, G, Kumaravadivel, N., Bennett, J. and Khush, G. 
(1997). Pyramiding of Bacterial Blight Resistance Genes in Rice: Marker-assisted Selection Using RFLP and 
PCR. Theor. Appl. Genet., 95, 313-320. 


Husnain, H., Rochayati, S. and Adamy, I. (2012). Management of Silica Element in the Soil at Agriculture Land in 
Indonesia. In: Fertilizer Technology and Reclamation of Degraded Soil. Proceedings of National Seminar, (12), 
237-246. 

Ibrahim, H.R., Aoki, T. and Pellegrini, A. (2002). Strategies for New Antimicrobial Proteins and Peptides: Lysozyme and 
Aprotinin as Model Molecules. Curr Pharm. Design. 8, 671-693. 

Ibrahim, M., Sustiyana. and Nurmalasari, Y. (2021). Farmers’ Preferences and Satisfaction on Rice Seeds (Oryza sativa) 
Ciherang Variety in Cenlecen Village, Pakong District, Pamekasan Regency. Jurnal Agrosains: Karya Kreatif 
and Inovatif, 6(2), 69-72. Doi: 10.31102/agrosains.2021.6.2.69-72 


Ikhwani, I., Pratiwi, GR., Paturrohman, E. and Makarim, A.K. (2015). Increasing Paddy Productivity based on Planting 
Space Arrangement Jajar Legowo. Iptek Tanaman Pangan, 8(2), 72-79 


Indonesia Central Body Statistics Data. (2013). http://www.bps.go.id/tnmn_ pgn.php 


IRRI (International Rice Research Institute). (2015). Growing Rice, Cultivating Partnerships: 40 years of Indonesia-IRRI 
Collaboration. International Rice Research Institute, 32, Philippines. 


Isnawan B.H., Supriyono, Supriyadi. and Samanhudi. (2020). Secondary Macronutrients Up-Take, Root Development, and 
Chlorophyll Content of Local Rice Varieties Grown under System of Rice Intensification (SRD vs. Conventional 
Methods. International Journal on Advanced Science Engineering Information Technology, 10(1), 381-388. 


Yheni Dwiningsih and Jawaher Alkahtani / Int.J.Agr.Sci. & Tech. 2(2) (2022) 11-26 Page 24 of 26 


Istiana, R., Kusumaningrum, H.P. and Ferniah, R.S. (2018). Analysis of The Open Reading Frame (ORF) 29-TrnC (GCA) 
Sequence to Detect /ndica and Japonica Subspecies on Upland Rice in Situ Bagendit and Inbred Rice of 
Ciherang. Biosaintifika: Journal of Biology & Biology Education, 10(1), 153-139. 


Jena, K. and Mackill, D. (2008). Molecular Markers and Their Use in Marker-Assisted Selection in Rice. Crop. Sci., 48, 
1266-1276. 


Joseph, M., Gopalakrishnan, S., Sharma, R., Singh, V., Singh, A., Singh, N. and Mohapatra, T. (2004). Combining Bacterial 
Blight Resistance and Basmati Quality Characteristics by Phenotypic and Molecular Marker-Assisted Selection 
in Rice. Mol. Breed., 13, 377-387. 


Juradi, M.A., Islami, T. and Tyasmoro. (2017). The Influence of Various Fertilizing Methods on Two New Superior 
Varieties of Rice (Oryza sativa L.) in Monsoon Agroecosystem of Sulawesi. Journal of Degraded and Mining 
Lands Management, 4,3. Doi: 10.15243/jdmlm.2017.043.821 


Kinose, Y., Masutomi, Y., Shiotsu, F., and Hayashi, K. (2020). Impact Assessment of Climate Change on the Major Rice 
Cultivar Ciherang in Indonesia. Journal of Agricultural Meteorology, 76(1), 19-28. 


Lavinsky, A.O., Detmann, K.C., Reis, J.V., Avila, R.T., Sanglard, M.L., Pereira, L. FE, Sanglard, L.M.V.P., Rodrigues, FA., 
Aratjo, W.L. and DaMatta, F.M. (2016). Silicon Improves Rice Grain Yield and Photosynthesis Specifically 
When Supplied During the Reproductive Growth Stage. Journal of Plant Physiology, 206, 125-132. 


Liang, Y., Wang, S., Harper, C.L., Subramanian, N.K., Tabien, R.E., Johnson, C.D., Bailey-Serres, J., Septiningsih, E.M. 
(2021). Reference-Guided De Novo Genome Assembly to Dissect a QTL Region for Submergence Tolerance 
Derived from Ciherang-Sub1. Plants 2021, 10, 2740. Doi: 10.3390/ plants 10122740 


Listanto, E. and Riyanti, E.I. (2016). Pertumbuhan Padi Varietas Ciherang Setelah Diinokulasi dengan Azospirillum Mutan 
Multifungsi. Planta Tropika Journal of Agro Science, 4, 2. Doi: 10.18196/pt.2016.057.58-64 


Lone, J., Shikari, A., Sofi, N., Ganie, S., Sharma, M., Sharma, M., Kumar, M., Saleem, M.H., Almaary, K.S., Elshikh, M.S. and 
Dwiningsih, Y. (2022). Screening Technique Based on Seed and Early Seedling Parameters for Cold Tolerance 
of Selected F2-Derived F3 Rice Genotypes Under Controlled Conditions. Sustainability, 14(14), 8447. Doi: 
10.3390/su14 148447 


Magsood, A., Khan, Z.I., Ahmad, K., Akhtar, S., Ashfaq, A., Malik, .S., Sultana, R., Nadeem, M., Alkahtani, J., Dwiningsih, 
Y. and Elshikh, M. (2022). Quantitative Evaluation of Zinc Metal in Meadows and Ruminants for Health 
Assessment: Implications for Humans. Environmental Science and Pollution Research, 29(15), 21634-21641. 
https://doi.org/10.1007/s1 1356-02 1-17264-1 


Masruroh, F., Samanhudi, Sulanjari. and Yunus, A. (2016). Improvement of Rice (Oryza sativa L.) var. Ciherang and 
Cempo Ireng Productivity Using Gamma Irradiation. Journal of Agricultural Science and Technology, 6, 289- 
294. 


Mondal, S., Khan, M., Entila, F, Dixit, S., Cruz, P., Ali, M., Pittendrigh, B., Septiningsih, E. and Ismail, A. (2020). Responses 
of AGI and AG2 QTL Introgression Lines and Seed Pre-treatment on Growth and Physiological Processes 
During Anaerobic Germination of Rice Under Flooding. Scientific Reports, 10, 10214. Doi: 10.1038/s41598-020- 
67240-x 


Nugraha, Y., Hidayatun, N. and Yuliani, D. (2017). Phenotypic Performance of Ciherang-Sub1| Near Isogenic Line as an 
Adaptive Variety for Flooding Conditions. Indones. J. Agric. Sci., 18, 7-16. 

Nuraeni, Syam’un, E., Sennang, N. and Kaimuddin. (2014). Results and Quality of Various Rice Varieties That Applied of 
Fixator Bacteria As A Source of Nitrogen. International Journal of Scientific & Technology Research, 3(12), 
324-327. 

Paiman, Ardiyanta, C., Kusumastuti, T., Gunawan, S. and Ardiani, F. (2021). Maximizing the Rice Yield (Oryza Sativa L.) 
using NPK Fertilizer. The Open Agriculture Journal, 15, 33-38. Doi: 10.2174/187433 1502115010033 

Pamungkas, D., Zamroni. and Sudradjat. (2018). Response of the Growth and Yield of Ciherang Rice (Oryza sativa L.) and 
Weeds on the Different Planting Methods and Weeding Frequencies. Agrivet, 24(2), 1-10. 

Pramudyawardani, E., Aswidinnoor, H., Purwoko, B., Suwarno, W., Islam, M., Verdeprado, H. and Collard. (2018). Genetic 


Analysis and QTL Mapping for Agronomic and Yield-Related Traits in Ciherang-Sub1 Rice Backcross 
Populations. Plant Breed. Biotech., 6, 3, 177-192. Dot: 10.9787/PBB.2018.6.3.177 


Yheni Dwiningsih and Jawaher Alkahtani / Int.J.Agr.Sci. & Tech. 2(2) (2022) 11-26 Page 25 of 26 


Priyono, D., Santoso, T. and Salamah, A. (2013). Screening and Integration Analysis of OSDREB1A BC4F2 and BCSF1 
Generations of Transgenic Ciherang Rice (Oryza sativa L.) for High-Salinity Tolerance. Makara J. Sci., 17(2). 
Doi: 10.7454/mass.v17i2.xxxx 


Rahmawati, D., Santika, P. and Fitriyah, A. (2021). Characterization of Several Rice (Oryza sativa L.) Varieties as Germplasm. 
The 3“ International Conference on Food and Agriculture. 


Rajpurohit, D., Kumar, R., Kumar, M., Paul, P., Awasthi, A., Basha, P.O., Puri, A., Jhang, T., Singh, K. and Dhaliwal, HLS. 
(2011). Pyramiding of Two Bacterial Blight Resistance and a Semidwarfing Gene in Type 3 Basmati using 
Marker-Assisted Selection. Euphytica, 178, 111-126. 


Rock, W.R.L. (2020). Artificial Intelligence (AT) in Arkansas (AR). 


Rosdianti, I., Satyawan, D., Yunus, M. AND Utami, D. (2022). The Genome Sequence of Ciherang, an Indonesian Rice 
Mega Variety, Revealed the Footprints of Modern Rice Breeding. AIP Conference Proceedings 2462, 030005. 
Dot: 10.1063/5.0075676 


Santosa, M. and Suryanto, A. (2015). The Growth and Yield of Paddy Ciherang Planted in Dry and Wet Season and 
Fertilized with Organic and Inorganic Fertilizers. Agrivita, 37, 1. Doi: 10.17503/Agrivita-2015-37-1-p024-029 


Scardaci, S.C. etal. (1997). Rice Blast: A New Disease in California. J. Agric. Fac. Sheet Ser, 1, 2-5. 


Schantz, S.L., Gasior, D.M., Polverejan, E., McCaffrey, R.J., Sweeney, A.M., Humphrey, H. and Gardiner, J.C. (2001). 
Impairments of Memory and Learning in Older Adults Exposed to Polychlorinated Biphenyls via Consumption 
of Great Lakes Fish. Environ. Health Perspect. 109, 605-611. 


Septiningsih, E., Hidayatun, N., Sanchez, D., Nugraha, Y., Carandang, J., Pamplona, A., Collard, B., Ismail, A. and Mackill, 
D. (2015). Accelerating the Development of New Submergence Tolerant Rice Varieties: The Case of Ciherang- 
Sub1 and PSB Rce18-Sub1. Euphytica, 202, 259-268. Doi: 10.1007/s10681-014-1287-x 


Shin, N., Han, J., Vo, K., Seo, J., Navea, I., Yoo, S., Jeon, J. and Chin, J. (2022). Development of a Temperate Climate- 
Adapted Indica Multi-Stress Tolerant Rice Variety by Pyramiding Quantitative Trait Loci. Rice, 15,22. Doi: 
10.1186/s12284-022-00568-2 


Shresta, R., Paudel, S., Wagle, S., Ghimire, S. and Yadav, D. (2018). Performance of Rainfed Lowland Rice Genotypes 
Under Different Levels of Boron Application. Int. J. Soil Sci., 13, 28-34. Doi: 10.3923/ijss.2018.28.34 


Singh, S., Sidhu, J., Huang, N., Vikal, Y., Li, Z., Brar, D., Dhaliwal, H. and Khush, G. (2001). Pyramiding Three Bacterial 
Blight Resistance Genes (xa5, xal3 and Xa21) using Marker-Assisted Selection Into Indica Rice Cultivar PR106. 
Theor. Appl. Genet., 102, 1011-1015. 


Sitrarasi, R., Nallal, U.M., Razia, M., Chung, W.J., Shim, J., Chandrasekaran, M., Dwiningsih, Y., Rasheed, R.A., Alkahtani, 
J., Elshikh, M.S., Debnath, O. and Ravindran, B. (2022). Inhibition of Multi-Drug Resistant Microbial Pathogens 
Using an Ecofriendly Root Extract of Furcraea foetida Silver Nanoparticles. Journal of King Saud University- 
Science, 34(2), 101794. https://doi.org/10.1016/j.jksus.2021.101794 


Subowo. (2014). The Effect of Biofertilizer Fungi on Ciherang Rice Growth at Some Level of Soil Salinity. Journal of 
Biological Researches, 18, 106-110. 


Sulistyowati, Y., Rachmat, A., Zahra, F., Rahmawati, S. and Nugroho, S. (2011). Genetic Transformation of Rice cv. 
Ciherang using Double T-DNA Vector Harboring cryl Ab Gene. Annales Bogorienses, 15(1), 27-32. 


Sumarno U.G. and Sutisna, E. (2010). Identification of Rice (Oryza sativa L.) Varieties Suitable for Dry Season and Wet 
SeasonPlanting. Indonesian J. Agr. Sci., 11, 24-31. 


Sundaram, R.M., Vishnupriya, M., Laha, G.S., Rani, N.S., Rao, P.S., Balachandran, S.M., Reddy, GA., Sarma, N.P. and 
Sonti, R.V. (2009). Introduction of Bacterial Blight Resistance into Triguna, a High Yielding, Mid-early Duration 
Rice Variety. Biotechnol. J. Healthc. Nutr. Technol., 4, 400-407. 


Susilastuti, D., Aditiameri, and U. Buchori. (2018). The Effect of Jajar Legowo Planting System on Ciherang Paddy 
Varieties. A gritropica: Journal of Agricultural Science, 1(1), 1-8. Doi: 10.31186/J.Agritropica. 1.1.1-8 


Susiyanti, Rusmana, Maryani, Y., Sjaifuddin, Krisdianto, N. and Syabana, M. (2020). The Physicochemical Properties of 
Several Indonesian Rice Varieties. Biotropia, 27(1), 41-50. Doi: 10.11598/btb.2020.27.1.1030 


Syafutri, M., Pratama, F., Syaiful, F. and Faizal, A. (2016). Effects of Varieties and Cooking Methods on Physical and 
Chemical Characteristics of Cooked Rice. Rice Science, 23(5), 282-286. Doi: 10.1016/j.rsci.2016.08.006 


Yheni Dwiningsih and Jawaher Alkahtani / Int.J.Agr.Sci. & Tech. 2(2) (2022) 11-26 Page 26 of 26 


Talbot, N.J. (2003). On the Trail of a Cereal Killer: Exploring the Biology of Magnaporthe grisea. Annu. Rev. Microbiol., 
57, 177-202. 


Toha, H.M. (2007). Peningkatan Produktivitas Padi gogo melalui penerapan pengelolaan tanaman terpadu dengan 
introduksi varietas unggul. J. Penel. Pertanian Tanaman Pangan, 26, 180-187. 


Toledo, A.M.U., Ignacio, J.C.I., Casal, C., Gonzaga, Z.J., Mendioro, M.S. and Septiningsih, E.M. (2015). Development of 
Improved Ciherang -Sub1 Having Tolerance to Anaerobic Germination Conditions. Plant Breed Biotech, 3(2), 
1-11. https://doi.org/10.9787/PBB.2015.3.2.077 


Wahyono, T., Sasongko, W., Sugoro, I. and Firsoni. (2020). Nutrient Value and Digestibility Variation of Five Rice Straw 
Cultivars in Indonesia as Ruminant Roughage. Adv. Anim. Vet. Sci., 9(1), 73-81. Doi: 10.17582/journal.aavs/ 
2021/9.1.73.81 


Widiasri, E., Gaib, B., Karnia, D., Putri, R., Adilaksono, I., Nofitasari, D., Manurung, R. and Abduh, M. (2022). A Water 
Recirculation System for the Cultivation of Oryza sativa L. at Sumedang, Indonesia. Thai J. Agric. Sci., 54(4), 
258-271. 


Yuliani, D., Milati, L.N. and Sudir. (2017). Dinamika penyakit-penyakit tanaman padi pada waktu tanam berbeda di 
kabupaten Klaten, propinsi Jawa. Badan Penelitian dan Pengembangan Pertanian Kementerian Pertanian, 
Indonesia 


Cite this articleas: Yheni Dwiningsih and Jawaher Alkahtani (2022). Agronomics, Genomics, Breeding 
and Intensive Cultivation of Ciherang Rice Variety. International Journal of A gricultural Sciences and Technology. 


2(2), 11-26. doi: 10.51483/ IJA GST.2.2.2022.11-26. 


